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SIMULATIONS OF THE ASCOT BRUSH CREEK DATA BY A NESTED-CRID,
SECOND-HOHENT TURBULENCE-CLOSURE ?IODEL AND

A KERNEL CONCENTRATION ESTIHATOR

1. INTRODUCTION

T. Ymmda, S. Winker, and E. Niccum

Loo Alamos Netional Laboratory
Las Alamos, New Hcxico 87545

Yamadt ●nd Bunker (1986) demonstrated that

● threa-dimamioncl hydrodynamic model, HOTfiAC,

(~igher~rdtr ~urbulsncc ~odel for ~tmoophcric

~ircuLmtions) reproduced nocturnml draioega flows,

morning tramsiiion ●nd convcctiw upvallcy sod

UPS1OV flows observed during the 1982 ASCOT

(~@ompharlc~tudias in ~mplcx~arrain) fiald

Cmmpaixn in Brush Cr@ak, Colorado. Urn SISO showed

that ● Montt Carlo otmti$ttcal diffusion ●odel,

PLAPTAD (&dom&articlc ~ransport And giffusion)

drivmn by th~ outputs (mcsn ●nd turbuloncc

varlsblas) from HOT14ACsimulatad WO1l the struc-

ture of ● n SF6 tracar plums tnd obtsined a

verticsl profilt of concontratioa similar to tha

ome obsarvcd,

In tho prcviou. #tudlcs (Yamada, 1981 ●nd

196S\ Yamada and Bunk@r, 1986), ths coacoatratlon

● t ● givsn tias ●nd location was d-tarmincd by

counting the numbar of psrticlas in ●n lmcglmry

●ampling voiumo, Tho computmd conantration lcvai

could vary conoidtrably dopmding on tha OLSQof

tho stmpling volume ●nd aumbcr of partlcloo uo~d

la tht compu~tion. For ●xmmpla, if tha samplin~

wtilunm is vary Bmcil, t?,~ eonecntration distribu-

tion bacomoo very noisy, On tho other bend, if

MASTER

●ssume ● Omussian distribution where variances ●rc

determined ●s the time intogratioa of the velocity

variancea ●ncounter ovar the history of the puff,

Tbe coacantration level ●t ● givm tire@ ●nd space

is determined 8$ the sum of the coacoatrationc

●ach puff centributos. Tho kernel ●ethod requires

no imaginary sampling volumes ●nd produces ●

smooth concentration distribution with ● much

s~ller number of particles thmn required for the

prcvioua pcrticl, ●ethod.

2.

hare.

RAPTAD (~adom ~artlcls :raasport And

giffusion)

A brief demcrlption of RAPTAD is Civsn

Locmtions of partichs •r~ computed from

xi(t+At) - xi(t) + U At ,
pi (1)

wh~ra

u ●Ui+ui ,
pi

(2)

ui(t + At) = ●ui(t) + bdui C +

bi,( l-a)tLx ~,+(d: ) , (3)
iii

● - @xp(-At/tki) , (4)

●nd

2 1/2b- (1 -~ ) , (5)

In tb, shove axprasoiono. U is the particl~
pi

v~locity in xi direction, Ui moan Vtlocity, ui

turbulence velocity, C a random number from ●

Ocuoslan dlstrlbutlon with saro ●aan ●nd unit



variance, tLx the Lagrangian integral time for
i

the velocity Ui, 8tandard deviation of
‘JUi

velocity fluctuation Ui, and 6 ~3 it the Dirac

dolte. The last term on the right-hand side of

Eq. (3) was introduced by Legg ●nd Raupach (1982)

im order to correct ●ccumulation of particles in

inhomogeneoue turbulent flows. The mean velocity

Ui and ●-ndsrd deviation of velocity o ●re ob-
‘i

@ined from a hydrodynamic model, HOTHAC.

3. KERNEL DENSITY ESii!lATOR

Concentration x ● t (X, Y, Z) is estimeted

by using the following ●xpression:

x(x, Y,

*
At

32

where (x
h

z) -

!1 l(~-x)z,
exp(- ~

k-l a o .+
‘k ‘yk ‘k

1 (Yk - Y)z )
● ●xp(- ~

2

‘yk

1 (Zk - 2)2●{exp(- ~ )+

+,

l(zk+z.2z )2)) ,●xp(- z - (6)

<k

~, )’k, Sk) 1s the locttion of k th

partlclo) ax , 0
yk

●nd o ●re atal,derd devlhtiona
k ‘k

of ● Gcusslan distribution~ ●nd s is tha ground
8

● lovatlon, The variances ●re c@timate4 bated on

Taylor-s ‘192A) homogeneous diffusion th~ory, For

●xemple, u it obtcinec? from
Y

2 = 202 t c R(C)dCdt =
‘Y v Jo /0

0; = 2t
2

Ly ‘V t ‘or ‘>2tLy “ (8b)

Although the turbulence field in general i. not

homogeneous, we ●ssume the theory i. ●pplicable

over ● short tim~ period, ouch QS mu integration

time otep (10 sec. in this study~. Therefore,

Oy (t + At) - Oy (t)+ ovAt for t~2t
Ly ‘ (9a)

●nd

0; (t+ At) - u;(t)+

2t 02 At for t>2t
Ly V Ly ‘ (9b)

sre used in this study.

In ● tilmilar fashion,

Ox (t+ At) - ax (t) + ouAt for t$2tU , (lea)

0: (t+ At) - 0: (t) +

2tLxo:At for t>2tLx , (lOb)

08 (t+ At) - 0, (t) + owAt fer t~2tL* , (lia)

CJ:(~+4t) + (t)+ 2tLxo:6tfer t>2tLt, (llb)

where the ●tendard daviationm UUA Uv ●nd Ow ●t

4. C0FipARlSO14 U2TH ANALyTXC 40LUTION

We hevc rnalactud ● hypothetical condition

in order to test the ●ccuracy of ● RAPTAD kctnei

donrnity eetkntor. Umdar th~ assumption that the

wind and turoulanca tjiatribu:ioiio ata homogen~ous,

20: t,,,y(t+ t
Ly

●xp(- +) Ly-t), (7) eoneemtratibn x (X,Y,Z) from a point source 19
t“

whora ● correl~t

Usadm Equation

-r d~~c;lbad by a Qaussian dietrlbutiont

on function R(c) ● ●xp (~) is
Ly

_!i— 2+ s
7) 11 ●pproximated by x“- nl,p [- ; {( ~) (T)2)I I (~z)

In Oyoa u Y

‘Y = ‘v t for
‘~2tLy ‘

●rid



where Q is an ●mission rate (g/s), U mean wind

●peed (m/a); a ●nd Uz standard devi~tions in the
Y

y ●nd z directions, respectively.

The concentration in the horizontal plane

St the source height iS given from Eq. (L2) ●e

.~- ●xp[-+ [ ~)21 “
x - 2nay az U

(13)

Azzurning av - 2 */s, the variance ay is computed

from Cq. (7) where t
Ly

= 10000 s is used. a ~ ia

similarly computed where au - 0.02 nlc mad

k,
= 20 # are ssoumed. Horizontal ufrtd speed

U _ 10 m/s is ● lso ●ssumed. The concentration

distribution (loglo X) is shown in Fig. 1.

Fig. 1,

+-’-”ra
x /km)

GaIL44Lan phm? cowuwu.tion dd%.d.btion

on the hotizontd ptane at a bouct

htight, ConcUn.CUtiOn x (g/m’) id given

intwu 06 toglo (X) tihue Zha60u4cC

emAion Aaze id I g/4.

NOM wm ●pply RAPTAD undtr the cama

attaorologicsl condition., 1..., U = 10 ●/s, IJv =

2 ●/8, t
Ly

- 10900 ● , o“ - 0.02 nla, and

= 20 0.
‘Ls

lo ●ddition, Ou = 1 m/a ● :id

‘Lx
- 10000 # hte ●ooumed. He released 1 particle

per 10 s ●nd computed particle locations *very

10 ● using Eqa. (1) through (5). A totel of 2000

particl~s were released and the particle diatribu-

tiono 10 a 120 x 120 ka2 domain la shown in

rig. 2, First, the concentratlonn were dotermlned

by countlns the number of particles in ●qual

volume boxes in the computation domain. The

voiuae of ●ach box W*O 2 km x 2 km x 200 m. The

concentration distribution 1s wry noity (FIc. 3)

indicating the canplina volumo 1s too smell ●nd

x (km]

Fig. 2. V&tibtion o{ 1,200 p@u2cted phojetied

on the hcmizon.tat ptane al a 6owme

htigh.t .

I

+
a ,

0 20 40 60 m IW m

Fig. 3. ConcenLtc.tLon

count.btg the

pUng boxed

ConceWon

adhFig. 1.

n (km)

dda.ibution obtained by

numu 0( paWc&d Ln 6am-

0$ 2 km x 2 km z 200m,

con.towu and MuAion tie

FL9, 4.

e-~
Im

x (km)

Same u ~oh Fig. 3 uceptthu bampkng

hexed tie 10 km x 10kmx 200m.
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Concenzmtion tidth (bu.Uon obtdntd by a

ke.tnel rwzthod, ConcenAt2ion cotiowu

and sini46ioE tatc a4 in F@. !.

the number of particles released is not large

●nough. When the eampling volume was ●nlarged to

10 km x 10 km x 200 m, the concentration distribu-

tion wae oversmoothed (Fig. 4), particularly in

the regions near the source where ● plume was very

narrow.

The probleme ●ssociated with the sampling

volume ●nd number of particles released ● re

greatly reduced when the kernel density ●stimstor

ie introduced to calculate concentration valuee.

Figure 5 show. the location. of particlee and

Fig. 6 the puffs represented by ellipsee of

axxo centered at particle locationt.
Y

only

121 particlee ● re uoed, yet the concentration dis-

tribution (Fig. 7) is very similar to the

●nalytical eolution (Fig. 1). If the number of

particlee is increased by ● fsctor of ten, the

contour Linss (not shown) become smoother but es-

sentially the came ● s thoee ●hewn in Fig. 7.

5. BRUSH CREEK DATA SIMULATION

Yamada ●nd Bunker (19S6) discussed in

detail the 1982 ASCOT Brush Creek ●xperiment, the

hydrodynealc ~~odel (HOTFIAC), ●nd development of

nocturtaal draimage flows. The HOTfiAC outputs ●nd

● diffusion code, RAPTAD were u$ed to simulate the

SF6 tracer da~. A totel of 9,000 particles were

releteed ●nd concentration was ob~ined by count-

lztg tha number of particles in ●n Lmeginary box of

50 m cube.

In thit study, the concentration usc recomputed

by applying the tauoolon kernel ● stirator

di$cusoed in Section 3. A toL8i of only 900 par-

tlclen were releaced. Tho vartical profile of the

●odaled SF6 concentration averaged over one hour

between 6 ● .m. and 7 ● .m. ● t ● site near the mouth

of Brueh Creek is compared with observation

(rig. 8). The modeled ●nd observed concentration.

●grse well ●lthough the modeled values ● re

slightly smaller than the obsorv~tione for the

firet 250 m ●bove the ground, The model overee-

tlmatee the concentratlona in the higher

● legations since puffe are ●ssumed .~ diffusa in

horisontel directions rathar thau in dlrectlone

parallel ●nd perpendicular to ths puff movement,

A simple constraint imposed on ~y<lOO m corrected

● oot of the problem.
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Fig. t.

and obwwd ( o ] SF6 cottcetu%ztion U

SAIL /de . The VdUtd @lI? aV~Ui OVWl

an Itouh b~een 6 a.m. and 7 a.m.
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